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w m m 

[oooi] *mw&, w%.&. ytmm. mw-atcn n wmmmtsti. tt&t&m^Mm 

[0002] fl&fc, *^h7*/UX<Ds<vtr-im&tL.Xte, y— K71^— AO^W^ttSP 

'<^xb. y— yyyy— Aoy— v&b&v^xmimu ±^rzfVf^^hv^\b 

[0003] \j>Aj£&b, ±&mte(D*zrb : r/ux<D/^yfr—immte. -kmxMm&mm 

[0004] ^B^OMffi^, ^h^W^^^V^— ^«it{-MUT, t7-r-^(D^»T 
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[0005] ±&mm&m&rrzitib* *mn<o*zfW'^*<D'<v*—vmi&&. 

mftizM^xmm&tti-zmwffimb, 

_libsh i <Dffim ^?^y?tf&zm<tt?7y?mjkMmb 
*mx.z>z.b*%fmb\^x\ ^ 0 

[0006] JifE^J&f^tU^ ±^^h^<^<D^y^—^miti^ ±m*y*h?*'U*b 
[0008] -^Jg^^O^-^h^^^O/-?5/^r-v?«5tfi. 
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[0009] ±mmmmmia.tn^ ±m^y^±mm^\^x. ±m—v^—j^<DV— 

[0010] — ^Jfe^O^h^VM^^^^^r-^jt}*, 

±mm^mmmir^m2<Dmm(D^t, 
±Mm2<DMm<DUft\mtt±Mmi(Dffim<D^%k^t? 0 

[0011] JifE^M^KitU^ ±IB^^ESJh«it(cjoV^T. _hiEy-R:7V— iMDy- 

(Dmm\^ ±Mm2<DMm<D&>$rft$LWirz> 0 ^(Dm2<Dmm<D^\z.^ ±ie^i 

[0012] — mMmm<D*7*bT/ux<D/<^—immte. 

Jiisy-K^i^— ^ojiisy-K^^ftbtvrJiis^^h^w^^^^^iw 
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[0013] ±3R$&mmz3M£. ±m^ym±mmcm^x^ ±m— k^u— j^m— 

coon] — nmmm(D*^h^/u*<Ds<y&~imigte, 

mt£iMM<Dmbmm-¥m±iz.j&f$.£tix\, >s 0 
[0015] ±mmm^m^x^\^ ±Mm<omm(omn<»mmft, ±mv-V7u-j^<Dv 

[ooi6] — nMMn<D*^h^/^*(D/^y<!r~immn, 

[0017] ±mmmmmKxti^ ±mn2<Dmmi*. Aluy^^t—^—^ykx^x 

[ooi8] — mMMn<D*^h^/<^x<Ds<^-immte. 

±mm2(Dmmn. Mmm*m&£fhx\,^j:\,\ 
[0019] ±mmmmm^xti\i. ±mm2<Dffiam. mmm^m^nx^ wx\ z<d 

[0020] -mni&n(D*"7h'r/ux<D/<ytr— im&n, 

[0021] ±mmmmm^xth\^ ±mm<Dffimi*, ^m^y-^xmm^mm^mu 
ztiz<Dx\ ±mm2<Dffim&£w-h*7u-j*<Dmmm&mt<Dmm*istvb 
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[0022] &:}3, ±mmi<DffimizmA~rz>7s(9-<Dmte. z(Dmi<D®m<o±&mz.M~r 
[oo23] — mm^m<D^h^u^(D^<y^— immfe, 

[0024] ±M%m^m\^n\^ ±m&i<Dffim<DmfcmzM*-rz>fot)fimm-rz>o b 

[0025] -^Jg^^^^h^^^^^y^r-^fllittt, 

±m?7vmitm&te. ±mmi<vffimx&<9^ 

±mm<Dffimn, ±m*7h^<^ttM^xA&ttteMMttft$^#>z>u 

[0026] ±mmmnm^xtni. ±mmi<Dffim<DmifcnfcMtp-rz>jfct!tfi&M-rz> 0 u 

[0027] -^Ji^^(D^h^W^^^N°5/^-v?«5t{*, 
JiiE^s/^it^te, _kmm<Dffimx&r), 

±mm<Dmmn,±m^y'h^<4^m^xAM^tcnm^^^ib^ 
-rzjrfafrb&x, ±m-Y7^- j»<Dmm&<Dffim x^h^ ^mm&mu 

[0028] JilE^ig^^itbii, ±MWii<Dmm<D&fcm^M*1r%)&t>timW.-rz>o b 

[0029] -^M^SO^h^M^^N'iy^-v^^}*, 
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[0030] _hlB^»ffi^j;^« % ±fES&2<D«fJIi(E>-gBa^ _LSEy-K:7W-A<D_h|E|gl 

[oo3i] -mM&n<D*y'h^s<4x<D^y&-imT&n. 

±mmi<Dmmn.±m^h^u^KM^xA^tcnmm^^^^i- 

Mz.mmuxmmisftx\ ^„ 
[0032] ±mmmmm^xtni. ±mmi<Dffimi^ mx.a^^—mm^xh^^x\ 

[0033] — mmnm(D^h^<^(D^y^r— imitfe. 

[0034] ±w.mmmm^xM, ±mmmm^ mi&^u&x<ohm ^j^w&m.* 

&£.&%}&mmitX$Z> 0 f£&>^ ±|E^#?M^«, JIS-C7021-B10^^b 

[0035] -mmMm<7)^h^u^(D^y^-imm^ 

[0036] ±mmmmniz£tu^ ±mmmu^ mi&^um^±. *»o, mm&&w.m 
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[0037] — ^ig^s^^-^h^^-r^o^^^^— >^5t«, 

[0039] ^.k^J;? ^^©^h^W^^^y^— -S^Bagtt, 

[0040] *fc, ±mmi<Dmmi^9^^m^m<^^7^m±mm^m^(DX\ _hie 
[0041] [iaiA]^w^^i^jfe^<o^^^^<D^^^-^^^t-raia^ 

-So 
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o 

[oo42] 2 i&mtjmm 

3 y— k^w— ^<oy— ksp 

5 y— K7w— Ao^gp 

5a y-HVl^— ^^§P<DMP 

6 LED 

8 ftigigteTO 
8a I/VX 

9 rM-y 

21 *£j£;WJ§gtf>gl5;9- 

31 y-ra^©ft^ 
[0043] £*T> ^0J%m^oHit(^^S^J:O#^^lft0J-r^o 

[0044] (mimmnm) 
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J»<DmM%H5\a*. ±IELED6^^©ttlM3fe^aiil-rSli P5a;»ttk*L 
"089 , ^liP5a^_hfSLED6C»3tmt*$|S^eiAy-ev^o _h!ELED6te, !7^9 

IBy — A©^ttS|JO±|ELED6dS^«$tbfc{WtcBa«UTV V5 0 -hSSLED 

TV^o £0><6JStfj«HIB2H:, ±fBy— --^(D^^5©_hfELED6^^$ 
frfdfflKBEgb-ClvSo — _h|By-K^W-A0^^5(D±|BLED6^^$ 
;ftfdffl£S*fWCki:> JilE^LEDe^mit^^^bT^jiti^i-S^d^^^ 
3t3SiS14flfli8S:EebTV^ 0 £<&3ftgiBtf:«fJ)&8H:. _hiELED6<Dffi#J3fe£it 
3fei-^^^XgP8ai, ^l^X^8a£^^-5S{W8bi:£— mzM&.VX\ >5„ 

[0046] JilB^^W^^^^-i^5ttt^9y^B&Jh«3tSHi^.So £©*?s>*Bfr 
JMSattt, ±ISy-K7W-^<D_h|Ey-K§P^^ttfc©ftla531^, £©JBl&*B 
3l£S>fcJiiBLED6tf5^i|$£;ft,;fc^ 

-hisy— ^<7>y~ K|fP©JBftSU31H:,±IBLED6^«§^«li:JSftb 

[0047] iflBfd^^h^V^©^^- i^ljtfi, ±§ELED6£l7^ir9££{£^«|- 
J3g2T*MJi:bT^«?, £4>^;fc»Jffi2<&ilSUI£^#tt, Si(^y=^).RtfGaAs(# 
y^^*)^^$tl^±IBLED6©j|SU»36«ffife^, ±IEy-K7W-A, *3£Tf. 

[0048] ±iE*:7^V*©^i^— S?*Kif4, IMt^ytVo ikMik^ttcDX' 
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w\ ±M^ttmm(D^2i\zm^x\^(Dx^ r<o)tiiw§o^8iir4 

[0049] ±m*s*hy*sUx<D/<ytr- immtt. ±fE^j£;WJ§g2£5fe^i®te«fJ!§ 

LED6&mmis±m<DWz.mm-i-z><DX\ mmz&tfzx? \zv — v^-^mm 

mxzz> 0 
[oo5o] immffiMM) 

[0051] ^2|IW^O^h^W^<0/^^-^^«^^^^Jh«itO«^^^ 

mm^^x, ^immMmtm-(Dm0.^iatm-(Dmmm^Hi.x^ mm 

[0052] 02^^^^^VW^^V^-^5t^#^^^^^Jh1#attt.y-- 
K^W-Aoy-K§B3(c:^it^fc[!flgB32t, ^DfllfB32rt^S-r5<g:^«Jii 
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[0053] ^^S^^h^vw^co/^^^-v'flijttt, M<£>^fb^Jfcigfc#j*:#v^ 

&ffim(Diffimift. ±mi&fcjjffim(D%&22\zmL,x\,^(DX\ z.<Dftmm&m 

[0054] (!&32l»M£) 

[0055] m3mni&n<D*-7h7*/ux<D^yt— immi*. ^ym^mm^m^m 
i&niz.3o\,^x, mimmMMtm~<DMf&i®ftKnm~<D0m&^'&tti.x, mm 

[0056] mSllM^S^^h^VW^^^^^-^ig^^^^^^^^^ih^it}*, v- 
K^l/— J»m— K§P3^ftbnfc©ft§P33^, rO@ft§P33<D^^5g^^ffi8 

3^-t-^^iH4#JiioW8i^-e#i^$^Tv^ 0 ±iBy-K^i^— ^^y-K 
[0057] #^«21i<D;^h^^o^y~^3£^ ?Mo^fb^Jtl£ift*^gt 

v?&$}$kmzLP5±x%z> 0 Tftt>*>. ±M?7v?V5±wmz.&^x, ±M%mm 
^^^^83^^ ±mm&m3<DMizmftz>mf&iz£V)^ ±m^tm^mm<Dm 
n.v-^yu-^xum.Jt^mm2<Dmmmmm^Lxmm(ommmmm^ 
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[0058] _hlB#^w^^-*5v^T, ±M%mmm&m&<o&j&*m*mmfeztvt&\ 

[0059] ±IB^^»lIg2tJ:W:rStS!»JSrfflv^v>©dW*bv\ ^^^JSg^BIM 

[0060] _hfB3fcSifi&*fJIB8l;:tt, S3fett 0fc8i&4*) &»fcfc»fcv vg*»oy;&* 

[0061] *fc, _h|ELED6{i x 0!lx.kf CCD, VCSEL (g^M^ti^— if ) (7 

[0062] *fc, ±IS^iai4MJ!g833J;tm^#ili2<D^W: x fllkfrtefcilg&fvf , & 

[oo63] *fc. ±iEy— K7v— &mzj&vxi&<D]&mz&5i*imx'3bz 0 m 

^xh^\ 

[oo64] mmw) 

[oo65] ig4te. jt^^jo^-^h^w^^^^^^-^^^-rKfSEi-c-feSo ^o^-^h 
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[0066] mub^^mm^t^ &mm<D*7"h^/<^x<Ds<y^-imig*ftm-rz>m 

[0067] mte, «-*^!F15^<DTO^^ltt{S^bfc^O-efe5o 
[0068] [^1] 





( ppm/k) 


(GPa) 




GaAs 


5 . 9 


8 5. 5 


o . 


5 5 


Si 


2 . 8 


18 7 


o . 


2 5 


Au 


14. 2 


7 8 


0 . 


4 4 




1 7 


12 8 


0 . 


3 5 




m 


6 0—70 


3 — 3 . 5 


0 . 


3 




8 — 18 


15 — 30 


0 . 


2 5 — 0. 3 



[oo69] mu^-rx^. &fo*)ffimio2<DMBm&mte. :?^-^a$*vci^<d 
[0070] mu^-rmm^^-r^um^xox, mm^msmmmm. ttmm 
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<D$te&ftoxMftvt£ 0 znb<D*7hy*/<4*(Ds<vfr~-imm&. -40^-10 
[oo7i] t<o^, itmm^^mM^mmsiz^y^m^tio M&ma^ muzso 

m^ut<on:. ymT&i'mm&tftnsixhox, y— \?yu— j±<dv— Kmo3^ 
icx<>x^mm^mm(D^mii^^ti^:AyWT^i!)K 3L?mmt^x.btvz> 0 

[0072] mi75^m3^^(D^h^VW^(D/N 0 5/>r-v^|3tT*}*, %Mm&ffi 

0m-eri, 5tSiatt«fjBo«as©mffi83Sr. y— k^u— ^©y— k§bojb[TO3i 

2^ m££titt.#>X$>Zb^x.btiZ 0 
[0073] £Jl±©f*|ft|§*tJ:J:U, ^i*5«J:tJ«B2||Jfe^flSt?r*, y— A£>y— KIB3S: 

, ni(Dmmbvx<D%Mm&mmt. M2(Dmmbvx<D^t>mmt<Dmm*> 

^mufewc, _hlE02O«JJIi<D^.d^^tU-r^J;5(-^b^^{J:J;«9. .hsBfgl 
©#ffiteiB:fcfr*A/»rJ£;fr#^ ^f Cx ^2^ 

M0B»T*W\ y— A<z>y— KffR3&\ ^l<D#J3i^UT(Z)^jg^J!ii:, S&2 

ttz.b\c£o, ±mmi(Dmmicm±^A.m^tii)m^^bit)m±x^±b^ 
[0074] m2\^ mi7b^m3mmmm. &£xf, \mm<o^v ; r^^(o^y^--vm^. 
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[0075] [^2] 





(MPa) 


(MPa) 




7 0 


5 1 




3 5. 8 


2 8 




3 5. 8 


2 8 




4 5. 8 


4 0 



[0076] ^2^£>V UMA^ 3tSiStt»JIB©«8«flJ81, r<D3t^tt«J3g© 

jss§i58io)ff#^*3v>-c, z.<Dytmmnmwi8i)K v-v^-^v-vm, io3<d 

[0077] U2©^ a i/-i^yoiltt N 5E*K:j:5aut*9-^A'*»olS*lJ:, 

[0078] ztitb&mgzib^ ±m%Mmimm si^c^^m, z.(D^tm^imm(Dm 
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[oo79] minnmm) 

<fe><5 0 

[0080] m4MMmm<D*^h^<4x<D/<^—i?nmte. ??y?V5±wfe<nmj&tm 

mmK*$^x* mimMfcntm-<Dm&i$friaxm-<D^m& j %*tt^x, mm 

[oo8i] ^mmnm(D^zfbT^4^<Dy<y^—imm^m^^9^m±mm'i. %m 
m&ffim8<Dmmb<Dmfr&!ftfe<Dmwzirzzkiz£^xm^x\,^ 0 _h 

ffv>^i:\ _h|Sy-K^^-A3, 5^^i©14^Jig8i:(D^^^CS-&A/»f^^^ : 
#<#9, -03fe^14TO80OTm^tt'^^^La<^oT, ^7s>^3££ 

[0082] ^-e, ±mftmm\%.mm8(Dm&8b(Dm&&o. 5mms^T^ir^k\zx^. ± 
±.mytmm&mm8tev-h*-7u- A3, 5*3j:u?^^#jjg2<D^§s##:^^b 

[0083] ±IS5fe^ii^^i80S#:8bOJ?^^. ^^^^ESiti-^.m^>6^f»^ 
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<5o 

[0084] m5nMftm<D*zfhT/<^<D/^ytr~- ?^y?&5ik%m<Dm&.&g l 

[oo85] ^mmmm(D^h^<^(D^y^-im&m^^ymitmm^ %m 

at, z:<Du^^8eitt&irzmitmbbxj&&ztix%>Q^ z.<D%Mm&mm8 
ommi*, ±mmfomb<Dmmtm-xh% 0 ±m^m^^mm8^m^?>m 

xm*k-r% 0 ±fcftmm&mmv>mm&*:%wzz. z.<Dftmm&.mm8<D 
mMi5.mz.&^x^ ±isy— K7w- A3, 5b<Dm^c^A,mftM^^<t^, 
z<Dftmm&mm8<Di®mzfofiM*&&±vB<ti:<>x. ^^tmm^s,<ta 

[0086] ±.mftmm&mm8<Dmm&. ±m.ED6<Dft<DmtoJ?fai>*bfLx, ±ie 
v-]^i'-j*<DfcmM5<Dmm£Qi>'h£<'rzzb\z£<>x* ±mftmm&mm<D 
mn8iK^^A^m^^^m^i&mx^ 0 -r^^ ±M%nw&.mm8 
wj-F7v-j»3, 5&£xj^^mm<Dmem&mztt^x»m<DmmB&& 
^tt5ttd^*?)f, ±fg.*7vm±mmte£*>, ±M%mm^mm8<D^yy 

[0087] *fc, mmmmmbmsmmmwib^m^^x, ytmm&mm8&m< , a>o 

KI8jL-C#3o H9t^$*L5J:5l^ 3fcSi®+MJig8^ SScow^XSRSa, 8 
a - • r<0«»:©W>'XaS8a»J:jgjfcSffi»[©Sfrlf|S8b, 8b- • -XJ&J&ZtlX^Z 
Z<Dm&<Ol'>XU8a&£Xfimfcmb$:mHZftMttZ-b\Z£*), ^<D%M 
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[0088] m6nmj&m<D*zfhT/Mx<D/<v&—imm^ ^y^itm^m^ m 
f$irz>z.bizt£z<DX\ z.<D%Mm&mm8(Dmm$:m v ^x^y^—imm^m^- 

[0090] _h|By-K^l^-A3, 5^MLT, ±|B^fttklfrJ3g8;^gEg£nS«<D 

i&mtiffim^-^a&mwirZc, z.<D&j&jjmm(D-ma(Dmm%m^^z.biz£ 
9, c<o^y^-imm^mmrr^m^\z.n\^x. z.<Ds*ytr-vm?k<D$LW.&t> 

ft&ttezuftx&ox, ±mftmm&Mm8%mmT^&Wi^K°>m&mm^ 

[0091] &:io s _hfE<g;^#J!gO— g&2ate, ±iE3fc^iitt^J§g8<^#:^8b<7)J?^£*g 
ffi^/&L-Obiv\ ±Se^<^$tb/c3fe^i©t4#J3g8^S^^8bT^«^^ 
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[0092] n7nw&t&<D^b^'*4*<D'<vfr—im&te. ^y^m±m&m^M<D 

[oo93] m7mm^m(D^b^u^(Dy<^-im&m^^^m±mm^ le 

u^xmab, ^<Du>xma^w-r^>m^8bbxm^nxm. 
8b<DT%, 'pt£<bhv— V7\s— ^(Dmm^izmmuxmmvx^o 

[0094] i>u ftmm&mm8&4^-bf&mxv-b*7u-j±3, st-mm^vitm^- 
. ±m%mm^mm8K^ ^.m^m^^ti^, %m^m&m<Dmimi£®f<D 
umfabmmum^%izx*<Dmmmz£zmfot!mzmmvx, m^fojj&mtk 
-r^o z&m&ifctH*. ±Mytmmm&m8\z.&n%?^y?<D&±(D-mbt£z>o 

[0095] rr-c\ *.%m&mx\^ ±M%mm\mm8^v-vyu-j^3, stn&m^m 
^(D^mm^mm8^mmmox^tj:<bhv-b^-^(DmmmKmM 
-r% 0 rtu^, ±mwmuio(om^tm^<7)nmbmmumb<Dumm^^> 
mfotwwK -kmm%fcjj<Dmmbftz><DX\ ^tm^mm8x<D^y^<Dm± 
<d -*sm&zi&mx%z> 0 tsbi^ ±mmMmo&foj]<Dmmtfbvxmm£ j £z>z.b 
kxv. ytmmi&ffim8<D?7y?<Dft£.^ %}Mkmz.®5it~rz>-b&x%z> 0 

[0096] jy*:^^ ±mmmuiobvx. ^bv"^^<D^y^—^<DM^,^m.mx 

%z.bfrxzz> 0 zftKxv^ ±Mmmmo<D^>?m*mfcrz>zLb&x%z><Dx\ 
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[0098] ±IB^4-^7^«S{-*5VNT. ±ie7feSi©ttW8<©^^^#^|5g^ 
[0099] ±|E^g;^#Jli2^(»^J^fflV^^V^<D^*bV^ 0 {gj&;WJ§g ^jtt§U 

[0100] _h|ELED6tt s 0fl*.Jf CCD, VCSEL&tm^<DJ:5&m<^:^h^>^* 

[oioi] */c, ±^ftmm&ffim8&£T$&j&t)ffim2<Di&mx, w-trmzmbfr-r. & 
mz.j&Kxm<Dj&mz-&ji*sffix*3bz> 0 

[0102] £fc, _hsBy-K^w-A<D^^, ^^mc-cm^^^^HWfg-efe^o #j 

^Xh^\ 

[0103] St3«\ _ha£<Djg4. ^5^J;^7||ife^<D^h^W^(D/NV>r->?#|5t{e: 
oV vt\ 3fcSi®tt^flg^*g&81 (f2©t!B^Ctt) ^^C^S^iirA/^^ 
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[0104] [^3] 





ft;*:-frA,»rJ£;>J (MPa) 


mmmmm 


2 8 




2 3 




2 2 




2 5 


msmmmm (mm) 


2 0 




2 




1 4 



[0105] Ji!E:g3/^#/6>SJ;5^ Jg4 % &5&£Tfim7mMMM<D*7°by*/UX(D^ytr 
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[1] *7h7'<4M6)k* 

±m*zfh7*s<^x (6) izttvxAMttifetiim'fzyttmm-rzii (5a) z^-t 
ztmz±m*7'h7*/ux (6) &6mr&mmM (5) t, ±m^hy £ ^-c^ (6) k 

yhv*/^* (6) £y-KSB (3) fd^-rs^-t- (9) t, 

±IB3t»J:«-LTSjattSr#i-5^10»Jg (8) 

±isy-K^u-A(D±is^h^v^(6)^^$tt/c{iijf^^<^-^^ia 
±$s.mi<omm zvbm ^m2<omm (2) 

±mm<Dffimw7y?&^M<tt?^y?ffi±mm.(8, 21, 22, 31, 32, 8 

[2] ff^l^fBij^^h^W^tfV-^— S?#BttJ:*5V^T, 

-LfE^s^B&itflSitfe:, 

_blEy-K7 W-A(D±|By-KgP (3) lOKIt&ixT JiiE^^W;* (6) 3&s*g«S 
^tlfcWc/S ftUUB ftgP (31) 
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